Important things can be difficult to understand, as is the case for cadherin cell-cell adhesion receptors and tissue organization. For example, the prototypical epithelial cadherin, E-cadherin, is necessary for epithelial morphogenesis in the embryo [1] , it preserves tissue architecture in post-developmental life [2] , and its dysfunction contributes to the progression of carcinoma to invasion and metastasis [3] . Despite these functional insights, we do not yet have a reasonably comprehensive understanding of how E-cadherin, or any other classical cadherin, exerts its morphogenetic effects. In particular, we do not know how cadherins cooperate with the actin cytoskeleton. Cadherins have long been thought to interact both functionally and biochemically with the actin cytoskeleton. Certainly, cadherin adhesion can influence actin organization [4] , while the integrity of the actin cytoskeleton is necessary for cadherin-based cell-cell interactions [5] . But the reason for such functional interdependence remains obscure.
A new paper from Lecuit and colleagues [6] provides valuable insights into this fundamental issue. Cavey et al. [6] studied the relationship between cadherins and actin in the developing Drosophila embryo, where both Drosophila E-cadherin (DE-cadherin) and dynamic regulation of the cytoskeleton play critical roles [1] . As in vertebrate cells, Drosophila epithelia concentrate DE-cadherin at the cell-cell contacts and accumulate F-actin in their perijunctional regions. In these developing epithelia, however, DE-cadherin is not distributed uniformly in cell-cell contacts; instead, it has been described to concentrate in discrete spots or clusters [7] that likely correspond to ultrastructural sites of close apposition between the membranes (spot adherens junctions, SAJs [8] ). Pursuing this observation, the Lecuit group used fluorescence recovery after photobleaching (FRAP) and photoactivation approaches to show that DE-cadherin in clusters was much more stable than the cadherin found at the contacts between the SAJs. Strikingly, they found that these cadherin clusters persisted when the perijunctional actin cytoskeleton was disrupted either by the injection of latrunculin A, which inhibits actin filament assembly, or in flies mutant for the synaptotagmin-like gene bitesize (btsz), which have a fragmented junctional actin network. Instead, actin disruption caused the cadherin clusters to become much more mobile in the plane of the membrane. Lateral mobility of cadherin clusters was also increased by agents that inhibit myosin II activity, whereas, conversely, expression of proteins that promote actin assembly, such as Diaphanous or WASP, decreased cluster mobility. Together, these findings lead the authors to propose a new model whereby a dynamic pool of perijunctional actin filaments acts to constrain the lateral mobility of otherwise stable cadherin clusters.
How, then, do these findings affect the way we think about cadherin biology? Firstly, they emphasize that cadherins do not function as homogeneous populations at cell-cell contacts. Instead, the spatial organization of adhesion receptors on the cell surface is critically important. Earlier studies, using cultured cell models, demonstrated that cadherins organize laterally into clusters [5, 9, 10] , a process that increases cell-surface adhesion [5, 11] . The current paper extends this to show that these lateral clusters not only are present in living, morphogenetically active tissues, but also constitute distinct functional units with intrinsic stability, because they persist and apparently move as units. Whether the Drosophila puncta are similar or distinct from the clusters seen in mammalian systems remains to be determined. It should be noted, though, that this does not discount the possibility that cadherins found outside the clusters are also engaged in adhesive interactions, which may be more dynamic than those seen in the puncta.
Cavey et al. [6] further identify that the spatial distribution of cadherin clusters is a second, functionally significant level of spatial organization at the cell surface. They report that disruption of actin integrity in latrunculin-treated or btsz mutant embryos coincided with the collapse of epithelial tissues to form a multilayered, apparently mesenchymal organization. Such morphological transitions are commonly associated with loss of E-cadherin expression; however, the authors show that the clusters actually remain intact but that their distribution is affected. The uniform spacing of cadherin clusters seen in normal epithelia was lost when actin integrity was disrupted, implying that the spatial distribution of clusters itself contributes to the preservation of epithelial architecture. Although the authors' experiments did not directly test the morphogenetic impact of cluster distribution, it is attractive to speculate that it provides a way for points of strong adhesion (clusters) to be distributed and balanced against the mechanical forces that act across cell-cell contacts and hence over the epithelium as a whole. Thus, a hierarchy of spatial parameters -micro-scale organization into clusters and macroscopic distribution of clusters around the cell-cell contacts -may determine the functional outcome of cadherin action.
In a second insight, Cavey et al. [6] show that this hierarchical principle also informs how the actin cytoskeleton affects cadherin biology. Recent research in this area has been dominated by the question of whether cadherins interact physically with cortical actin filaments and, if so, how this may occur. But how we frame this mechanistic question must be conditioned by our understanding of the functional relationship between cadherin receptors and actin. While it would be conceptually simple if there were a single mode of functional interaction between these two systems, the experiments of Cavey et al. [6] establish that the reality is more complicated. Using latrunculin to inhibit actin filament assembly, they show that perijunctional actin appears to form two distinct pools -one that is readily lost upon latrunculin treatment and another, which concentrates with the cadherin clusters, that is relatively resistant to latrunculin. The loss of F-actin when assembly is inhibited reflects the dynamics of severing and disassembly. Thus, this observation implies that there is a relatively stable pool of actin filaments in close proximity to the cadherin clusters as well as another more labile pool at the cell-cell contacts. This suggestion is consistent with earlier evidence showing that different pools of actin filaments, with different apparent turnover rates, are found at cell-cell contacts in mammalian cells [12] : whether these pools are physically distinct remains to be determined.
Importantly, these two pools appear to have distinct impacts on cadherin biology. The lateral mobility of cadherin clusters was principally affected when the labile actin filament pool was disrupted, suggesting that this is the pool that may control lateral distribution of clusters, perhaps through tethering involving a-catenin. However, the authors do not discount a role for the actin cytoskeleton in supporting cadherin clusters, because the fluorescence intensity of clusters was diminished, though not abolished, by latrunculin. It is possible that the stability of this filament pool made it difficult to fully reveal their functional impact. Thus, the authors suggest that these two pools of actin serve distinct roles in cadherin organization: the stable cluster-associated pool may contribute to cluster formation itself, while the more labile pool restricts the lateral mobility of the clusters. The hierarchy of cadherin organization that they define is thus complemented by a hierarchy of actin pools.
Overall, then, this paper defines levels of organization that must be encompassed by any mechanistic explanation of how cadherins cooperate with the actin cytoskeleton to control tissue organization. It raises important questions that must now be addressed. Firstly, how widespread is the mechanism of cadherin organization that Cavey et al. [6] identify? Although cadherin clustering has been identified in mammalian systems, heterogeneities in cadherin dynamics have not always been apparent [13] . This would therefore be a good time to re-examine what happens in vertebrate cells, given that the regulation of cadherins in Drosophila does not always predict what happens in vertebrates and vice versa [14] .
Secondly, what are the molecular mechanisms that generate distinct pools of actin at cadherin junctions, what is the relationship between these filament pools, and how are these pools coupled to cadherins? Recent studies have identified a diverse range of actin regulators that can be recruited to cadherin adhesions and, indeed, sometimes interact physically with the cadherin molecular complex [4] , including actin nucleators, cross-linkers, regulators of filament dynamics, and myosin motors. Not all of these actin regulators are constitutive components of cadherin adhesions; indeed, some, such as myosin VI [15] , are recruited to the cadherin in a strictly context-dependent fashion. It is likely that distinct sets of actin regulators [12] determine the dynamically distinct pools of actin that Cavey et al. [6] identified. Moreover, in mammalian cells cadherin clustering can be induced by homophilic ligation of the cadherin alone [11] , a process that is accompanied by recruitment and regulation of diverse actin regulators that can affect clustering [16] . The distinct pools of actin that Cavey et al. [6] identified may then reflect differences in the interplay between cadherin signaling and other actin regulators found at cell-cell contacts.
Finally, how does the spatial control of cadherin distribution influence tissue organization? In particular, how might the distribution of clusters or SAJs be regulated to control morphogenetic patterning? The definitive test will depend on having a sufficiently detailed molecular understanding of the different ways that the actin cytoskeleton controls cadherin organization, so that these can be selectively disrupted without affecting actin pools elsewhere in the cell (something that is difficult to achieve with drugs such as latrunculin). Then we can test the morphogenetic and biomechanical consequences of specifically dissecting the distinct pools of actin that contribute to cadherin biology. This will give cell biologists, biochemists, developmental biologists and biomechanics plenty to keep them busy for a while.
